Introduction
Visual deficiency and blindness are major public health problems in diabetics, particularly in developing countries mainly due to an increase in the number of old diabetics and the insufficiency of early tracing routines of diabetics at risk of blinding complications. 1 The overall diabetes prevalence in Tunisia is 9.9%, 2 and is estimated to be 11.2% in 2030. 3 The prevalence of visual impairment and blindness due to diabetic retinopathy (DR) and diabetic eye complications is on the rise worldwide and more specifically in North Africa and the Middle East region, 1 and DR is a priority disease in the VISION 2020 initiative for the global elimination of avoidable blindness, and the World Health Organization has made prevention of visual impairment and blindness an international priority. 4 Numerous studies on the patterns of DR in various geographic regions have been published, showing similarities and distinct differences in the epidemiologic profile. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] Data about the prevalence of visual impairment in diabetic population in North African region are scarce. The aim of our study was to identify prevalence and causes of blindness and partial sight in diabetic patients in a referral center in Tunisia, North Africa. required from onset, and type 2 diabetes (all other patients).
History and clinical data were defined by structured and standardized questionnaire. Age, gender, type and duration of diabetes, insulin use, presence of one or more general comorbidities, and presence of diabetic complications other than ocular including heart disease, nephropathy, and neuropathy were noted. Biological assessment included last fasting plasma glucose level (mmol/l), cholesterol level (mg/dl), systolic and diastolic blood pressure (mmHg), body mass index (BMI) (kg/m 2 ), smoking, and alcohol consumption status. All patients underwent a comprehensive ophthalmic examination including best-corrected Snellen visual acuity (VA), slit lamp examination, tonometry, dilated biomicroscopic fundus examination, and fundus photography. Fluorescein angiography was performed when necessary.
Only VA criteria were used to define visual impairment in our study. Blindness and partial sight were determined according to criteria used in the US definitions, where partial sight is defined as 20/200 (6/60)oVAo20/40 (6/12) and blindness is defined as VA of r20/200 (6/60) in the better eye. When describing both blindness and partial sight, the term visual impairment is used.
DR and diabetic macular edema (DME) were classified according to the Early Treatment of Diabetic Retinopathy Study (ETDRS) criteria. 17, 18 DR is classified into nonproliferative DR (NPDR) and proliferative DR (PDR). NPDR is further subdivided into mild, moderate, and severe. DME is classified into clinically significant DME (CSDME) and clinically nonsignificant DME (CNSDME).
The study followed the tenets of the Declaration of Helsinki, and was approved by the local ethical committee of our hospital.
The data were recorded and analyzed by means of software SPSS version 18.0 for Windows (Chicago, IL, USA). Chi-square statistics were used to assess associations. A P-value of o0.05 was considered statistically significant.
Results
A total of 2320 diabetic patients (4628 eyes) were included in the study. The demographic data of patients are summarized in Table 1 . Of our patients, 1396 (60.2%) were females and 924 (39.8%) were males. The sex ratio (M/F) was 0.66. Mean age of patients was 54.5 years (range, 10-92). One hundred and thirteen patients (4.9%) were aged o30 years, 1361 patients (58.7%) were aged between 30 and 50, and 846 patients (36.4%) were aged over 60.
Type 1 diabetes was recorded in 255 patients (11%) and type 2 diabetes in 2065 patients (89%). Mean age at the onset of diabetes was 46.8 years. The mean duration of diabetes was 7.6 years. The diabetes duration was o5 years among 947 patients (40.8%) and 410 years among 794 patients (34.2%) ( Figure 1 ).
Systemic diseases associated with diabetes are summarized in Table 2 . A BMI 430 was recorded in 588 patients (25.3%).
VA ranged from light perception (LP) to 20/20 (mean 20/63). Cataract was recorded in 1509 eyes (32.6%) and open angle glaucoma in 123 eyes (2.7%). DR was recorded in 1217 eyes (26.3%). It was mild NPDR in 530 eyes (11.5%), moderate NPDR in 280 eyes (6%), severe NPDR in 251 eyes (5.4%), and proliferative DR in 156 eyes (3.4%). DME was recorded in 402 eyes (8.7%). Of these eyes, 206 had CNSDME (51.2%) and 196 had CSDME (48.8%).
The most common complication of DR was intravitreal hemorrhage (59 eyes; 1.3%), followed by rubeosis iridis (32 eyes; 0.6%), tractional retinal detachment (20 eyes; 0.4%), and neovascular glaucoma (14 eyes; 0.3%).
Blindness was recorded in 101 patients (4.4%) and partial sight in 413 patients (17.8%).
The frequency of eyes with blindness was 3.9% (114 eyes) in patients younger than 60 years old and 15% (252 eyes) in patients older than 60 years. The difference was statistically significant (Po0.001).
Visual impairment in our patients was significantly associated with age Z60 years (Po0.001), duration of Abbreviations: CNSDME, clinically non-significant diabetic macular edema; CSDME, clinically significant diabetic macular edema; DR, diabetic retinopathy; LP, light perception; NPDR, non proliferative diabetic retinopathy.
Visual impairment in Tunisian diabetic patients R Kahloun et al diabetes 410 years (Po0.001), BMI 425 (P ¼ 0.014), hypertension (Po0.001), heart disease (Po0.001), peripheral neuropathy (P ¼ 0.03), vegetative neuropathy (P ¼ 0.002), and macroalbuminuria (Po0.001) ( Table 3 ). The prevalence of blindness increased with the severity of DR. Actually, the frequency of blindness increased from 5.3% (43 eyes) in mild and moderate NPDR to 18.7% (47 eyes) in severe NPDR, and reached 46.8% (73 eyes) in PDR.
Visual impairment was significantly associated with cataract (Po0.001), DR (Po0.001), DME (Po0.001), open angle glaucoma (Po0.001), intravitreal hemorrhage (Po0.001), rubeosis iridis (Po0.001), neovascular glaucoma (Po0.001), and tractional retinal detachment (Po0.001) ( Table 4) .
Discussion
Diabetes is considered to be a major public health challenge worldwide. Its incidence is in strong increase, with important variations according to ethnic and/or racial groups. Diabetes represents a leading cause of visual impairment in individuals between the age of 20 and 60 years in the industrialized countries. 19, 20 There is a need for reliable estimates of vision loss due to diabetes. Such estimates are important for providing baseline levels for planning public health programs to reduce the risk of visual impairment and the impact of diabetic complications, and for evaluating the results of the programs.
To the best of our knowledge, our study is the largest to provide data on causes and prevalence of visual impairment in diabetics from the North African region.
In the present study, the prevalences of DR (26.3%) as well as proliferative DR (3.4%) were lower than those reported in a previous Tunisian study (45.2% and 5.7%, respectively). 21 Longer duration of diabetes in this cohort (mean 11.7 years) could explain higher prevalence 23 In our study, the results show that 22.2% of our patients presented a visual impairment, of them 4.4% had a legal blindness and 17.8% had a partial sight. Thus in our series, 1 diabetic in 23 is blind and 1 diabetic in 6 is a partially sighted person.
Rate of blindness in our series (4.4%) was close to that recorded in South Africa (4.4%) 5 and lower than that recorded in Nigeria (18%). 6 In American studies, prevalences of blindness were lower than ours. 11, 12 Review of the literature shows that in Europe, the prevalence of blindness ranged from 1.1 to 7.5%. [13] [14] [15] [16] In North African and the Middle East countries, the rate of blindness ranges between 5 and 15.7%. [7] [8] [9] [10] In our study, 17.6% of patients had partial sight. It was higher than a previous Tunisian series (12.5%). 21 Partial sight was recorded in 11.3-30% in African studies 5, 6 and 10.1-39.3% in countries from North Africa and the Middle East. 7,9,10 A lower prevalence of partial sight was found in Europe (2.8-7.5%) 13, 15, 16 and in the Unites states (6.7-11%). 11, 12 The frequency of visual impairment in Tunisian patients was not significantly different between the sexes, but it increased with increasing age. Other associated risk factors that had significant correlation with visual impairment in diabetic Tunisian patients included obesity, heart disease, high blood pressure, macroalbuminuria, and peripheral and vegetative neuropathy. However, smoking, alcohol consumption, and hyperlipidemia were not associated with visual impairment, in contrast with the results of the ETDRS where high levels of cholesterol were associated with persistent severe visual loss. 24 Frequency of visual impairment was statistically associated with duration of diabetes. In fact, duration of 410 years of diabetes doubles the risk of visual deficiency. Visual impairment was associated with the presence of DR, the presence of DME, and DR complications notably cataract, rubeosis iridis, neovascular glaucoma, intravitreal hemorrhage, and tractional retinal detachment. Duration of diabetes, DME, complicated PDR, and cataract were found to be closely associated with visual impairment in other studies. 14, 24 In recent studies, visual disability was significantly associated with female sex and DR in a population of Central African diabetics, 25 and with tractional retinal detachment and optic atrophy in a Thai diabetic population. 26 In a Jordanian diabetic population, visual impairment was significantly associated with age, treatment of diabetes, and DR, whereas only age and retinopathy were significantly related to blindness. 7 This study had some limitations. First, data were based on known diabetes only. Patients with undiagnosed diabetes might lead to underestimation of prevalence of visual impairment. Second, the study was conducted in a single center. However, all patients were referred by diabetologists or general practitioners regardless of presence or not of visual complaints. In addition, Monastir is a tourist and industrial region on the central coast of Tunisia in which people with origins from different regions of the country live. As a consequence, and in our opinion, our sample is representative of all patients with diabetes mellitus in Tunisia and provides useful data. Other limitations include its cross-sectional design with no follow-up, glycated hemoglobin values and results of optical coherence tomography were not available for the majority of patients.
In summary, data of the present study show that the frequency of DR and associated visual impairment in 
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Tunisian diabetic patients are relatively high and increase with increasing age and duration of diabetes. It provides baseline data that will be useful for the prevention of burden of visual impairment related to diabetes mellitus. Public health policies with educational programs and promotion of telemedicine-based digital retinal imaging are needed to ensure the appropriate screening and timely management of DR that greatly reduce the incidence of visual impairment due to diabetes. Further investigations are needed to assess the process and outcomes of care.
